A process is described for preparing suspensions of Mycobacteriurn lepraemurium from livers of infected mice, free from traces of host tissue. The organisms doubled in length when incubated in 'elongation medium' for 12-14 days but did not multiply. Analyses of normal and elongated organisms were made for lipid, phosphorus, nucleic acids, hexosamines, neutral sugars and a-amino nitrogen. A doubling of dry weight occurred during elongation, and there was a net synthesis of each of the components measured. Lipid and neutral sugar more than doubled, phosphorus, nitrogen and total nucleic acid rather less than doubled and hexosamine and DNA increased by about one third.
I N T R O D U C T I O N
The development of elongated forms by various bacteria grown in adverse conditions is a familiar phenomenon. When Hart & Valentine (1960 found that Mycobacteriurn lepraernurium, an organism previously uncultivated in vitro, would elongate in a simple medium, it seemed possible that some small modification of the medium might allow multiplication of the organism. Ultraviolet and electron microscopy seemed to confirm the vital nature of the elongation process (Hart, 1969 , and the increase in length was accompanied by a proportional increase in weight, as measured by electron scattering (Valentine, 1962) . On the other hand, measurement of protein, nucleic acids and muramic acid in the bacteria suggested that none of these constituents was synthesized during elongation (Hart, 1965) . This paper describes an attempt to resolve this paradox by a more detailed analysis of larger quantities of the organism.
METHODS
Suspension of Organisms. Mycobacterium lepraemurium, strain DOUGLAS, was obtained aseptically from experimentally infected mice (Parkes albino strain). A crude suspension of bacteria in bovine serum albumin (0.1 % in 0.9 yo NaCl) from the homogenized livers of two mice was digested at 37" with Pronase (40pg./ml.) in 20 ml. 0.05 M-tris in Gey solution (pH 7.6). After 4 hr the bacteria were collected by centrifugation, suspended in tris HCI buffer (0.1 M, pH 7.2) and applied to sucrose density gradients. The gradients consisted of 5 ml. of 13'5 % (w/v) sucrose in 0.1 M-tris buffer (pH 7.2) layered on 5 ml. of 50 yo (w/v) sucrose in the same buffer, and allowed to stand for 12-20 hr before use. The gradients were centrifuged at Iooog for I hr, the bands of bacteria removed through the side of the tubes (cellulose nitrate) into sterile syringes, and the bacteria washed and suspended in a measured small volume of 0.1 yo albumin in 0.9 yo NaCl. About 2 x ro12 bacteria were usually obtained Elongation of organisms. Volumes containing 2 x 10ll organisms of purified Mycobacterium lepraemurium, determined by direct counts of dilutions of the suspensions (Hart & Rees, 1960 )~ were inoculated into 200 ml. of 'elongation medium' at pH 6-4 (Hart & Valentine, 1963) , containing benzylpenicillin 0.24 mg./ml. in Thompson bottles. The bottles were incubated undisturbed at 37" for 12-14 days. Bacterial contamination of the suspensions was excluded before and after elongation by examining smears stained by the Ziehl-Neelsen method, and by inoculating samples into Headley-Wright broth. For analysis the elongated bacteria were collected and washed in the same way as the normal ones. Suspensions were usually counted to check recoveries.
Analysis of bacterial constituents. To avoid transferring very small amounts of dry material, analyses were performed on measured volumes of suspensions with known dry weights and (in most batches) known bacterial populations. For dry weights bacteria were dried for 16 hr at 80" in weighed glass vials. Populations were determined by direct counting of stained suspensions of bacteria (Hart & Rees, 1960) . Amounts of bacterial constituents were calculated as % of the dry weight of organisms.
Size of organisms. Lengths of bacteria were measured with the electron microscope. L&ids. Dried material was repeatedly extracted at room temperature with chloroform +methanol (2 + I by vol., 4 x I ml., 24 hr each extraction). The residual material was dried at 80" and reweighed.
Phosphorus. Samples were ashed and phosphorus contents measured by the method of Chen, Toribara & Warner (1956). "on-lipid phosphorus' was measured in the insoluble residue after extraction with chloroform + methanol (see above), and nucleic acid phosphorus in ashed nucleic acid extracts (see below). a-Amino nitrogen. Samples were hydrolysed in 4 wHC1 for 16 hr at 105". a-Amino nitrogen in the hydrolysates was measured with ninhydrin (Rosen, 1g57) , with DL-alanine as standard.
Nucleic acids. Nucleic acids were extracted from bacterial samples with two or three portions of 5 % trichloroacetic acid at 90" for 10 min. The DNA in these extracts was measured with diphenylamine (Burton, I 956), with deoxyribose as a standard, and RNA with orcinol (Schneider, 1957 ) using ribose as a standard. Total nucleic acids were determined spectrophotometrically. Bacterial samples were extracted successively as follows, supernatant extracts being discarded in each case: 0.2 N-HClO, for 10 min. at 0"; 75 yo (v/v) aqueous ethanol (buffered with 0. I M-ammonium acetate) for 15 min. at 37" ; buffered ethanol + ether (I + I, v/v) for 15 min. at 37". After this preliminary treatment nucleic acids were extracted from bacterial samples with trichloroacetic acid (as above), the solutions were made 0.1 N in HCIOB and the trichloroacetic acid was removed by ether extraction. Nucleic acids were determined from the extinction at 260 mp of these solutions, with sodium ribonucleate from yeast as a standard. Contamination with protein was detected as extinction at 232 mp (Munro & Fleck, 1966 Table I . Electron microscopy, according to the methods of Valentine (1962), also showed that the densities of normal and elongated bacteria were similar, so that weight increased proportionally to length. . Thin-layer and gas-liquid chromatography showed the following sugars to be present : glucose, galactose, arabinose, mannose and inositol. A fast-running spot was observed on thin-layer chromatograms, possibly a deoxyhexose, and small amounts of at least three unidentified components were detected by gas-liquid chromatography. The amounts of the various components relative to arabinose are shown in Table 2 . No ribose or ribitol could be detected.
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RESULTS
Length and weight
Summary of analyses. The amounts of the various bacterial components expressed in g. dry wt per organism, and the relative increases associated with elongation are summarized in Table 3 . DISCUSSION At each stage of investigation of the elongation of Mycobacterium Zepraemurium the question has arisen whether the process could be considered as near-multiplication, so offering a hopeful lead in attempts to cultivate the organism (and possibly M . Zeprae), or whether it was a passive swelling process, and of interest only as a means of identifying the organism. Earlier analyses by Drs J. Mandelstam and A. J. Garrett (reported by Hart, 1965) were hampered by very small numbers of bacteria available, and by contamination of the suspension with material from the liver of the host, About IOO times more bacteria were available for the present experiments, and the treatment with Pronase and density-gradient separation removed all host material as judged immunologically by the Ouchterlony technique.
Although the observed percentages of bacterial components depend only on measured weights, the calculated increases in bacterial weights and amounts of components depend on the recovery of the original inoculum. Counting of suspensions of elongated bacteria indicated recoveries of between 50 and IOO%, but the results were uncertain because some ' clumping' of bacteria occurred. Attempts to separate the bacteria by ultrasonic treatment led to lower counts, presumably because the bacteria were fragile. Recovery was therefore assumed to be complete in each case, and consequently it is possible that increases in bacterial dry weights and amounts of individual components were actually somewhat greater than reported.
If a normal cell of Mycobacterium lepraemurium is taken to be a cylindrical rod 1-5 ,u long and 0-13 , u in radius, its volume is 8.1 x 10-l~ ml. Undried Mycobacterium tuberculosis contains 86% of water, and has a density 1-1 g./ml. (Luria, 1960) . Assuming a similar water content for undried M. Zepraemurium, a density of 1-1-1.2 g./ml., confirmed by its behaviour in the sucrose density gradients, and a volume of 8.1 x 10-l~ ml., its wet weight should be 8.9-9.7 x 10-l~ g., and its dry weight 1.25-1-36 x 1 0 -l~ g., a value which agrees well with the dry weight of normal bacteria measured here. Direct weighing of bacteria confirmed the evidence obtained with the electron microscope that an increase of bacterial weight occurred during elongation.
Each of the components measured increased in total amount in the elongated bacteria. Only small increases of DNA and hexosamines were found. A failure to synthesize sufficient new DNA might explain the failure of the bacteria to divide.
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Hexosamines occur especially in the cell-wall mucopeptide, and provide a measure of the increase of the 'backbone' of the cell wall.
Increases rather less than proportional to the weight increase occurred in phosphorus, total nucleic acids (measured by U.V. absorption) and a-amino nitrogen (mainly derived from protein). RNA measured by the orcinol reaction also increased but was grossly interfered with by other material extracted by trichloroacetic acid, probably carbohydrate. An attempt to extract RNA selectively by the SchmidtThannhauser process (Munro & Fleck, 1966) , which uses dilute alkali, did not yield any ultraviolet absorbing material. The RNA content calculated by subtracting DNA from total nucleic acids also increased. Although the possibility that there was some ultraviolet absorbing non-nucleic acid material in the extracts prevents great reliance being placed on this increase, it appears that more new RNA is synthesized than DNA by the elongated bacteria. The ratio E232/E260 was greater for bacterial nucleic acid extract than for pure RNA, indicating that some protein was present. The extracts also contained more phosphorus than could be accounted for as nucleic acid.
Lipid increased on average more than proportionally to the weight, as did carbohydrate, but there were large variations in lipid content and increase in different batches. Agreement between duplicate samples of each batch indicated that the variations were not primarily due to loss of material in extraction. In one experiment a decrease in percentage (though not of absolute amount) occurred. Carbohydrate increased regularly, though different batches had differing initial contents. Of the various components mannose and inositol are probably derived from a phospholipid similar to that studied in Mycobacterium phlei by Lee & Ballou (1965)~ glucose may form a bacterial glycogen such as that described by Chargaff & Moore (1944) in M. tuberculosis, and galactose and arabinose may occur in an arabinogalactan such as that found by Misaki & Yukawa (1966) in M . tuberculosis strain BCG. Mr M. R. Young (see Hart, 1965) described an increase in numbers and size of bacterial granules which absorbed at 257mp and could be stained (in elongated bacteria only) by euchrysin, a dye which stains DNA. Since DNA and phosphate did not increase excessively in the bacteria, the suggested identification of the granules as DNA or as polyphosphate carrying DNA seems unlikely. It is more likely that they are of lipid or carbohydrate, possibly carrying absorbed DNA. The presence of DNA on or in the granules would suggest some disorganization of the elongated bacteria. Schaefer & Lewis (1965) showed lipid granules in Mycobacterium kansasii.
Khto & Gi)zsy (1966) described a medium, rather different from elongation medium in which a limited multiplication of Mycobacterium Zepraemurium occurred, with an optimal pH 8-5 (our elongation medium is at pH 6.0-6.5) and containing 2 yo of sodium chloride and a plant polysaccharide, gum guar. Multiplication could be maintained in the medium for six generations of bacteria. It is not clear what relation elongation at acid pH has to multiplication in KSit6's alkaline-galactomannan medium or what relation either has to multiplication of the bacteria in vivo. Neither elongation nor multiplication occurs in elongation medium at alkaline pH.
The conclusion of Hart (1965) that elongation was a 'low-grade form of living growth in vitro' has been confirmed by analysis; Mycobacterium Eepraemurium was apparently able to synthesize at least a little of all the macromolecular substances needed for growth. It remains to be investigated which components of the medium provide the raw materials.
